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Abstract 
In this paper we present cognitive mechanisms (applied and validated at various levels of the protocol stack) for supporting smart 
applications and services towards users. More specifically, we introduce the results of a pilot test that took place as an application 
of web-based learning systems. The instance used was the example of linguistics and more specifically the cognitive vocabulary 
learning system. In the context of this pilot the aim was to test if and how a web-based vocabulary learning system may indeed 
improve the learning process. More specifically, the focus was put on detecting the student’s performance after taking a 
personalised course and a set of exercises/ activities. The learning styles, the vocabulary level of each student and his/her 
technical background have been taken into consideration in developing the learning material. In the paper we showcase the 
results of this pilot test, when taking activities fully dependent on the environment. The statistical analysis of the results shows 
that the final success rate of the students in the exercises referring to the form, the meaning and the use of the vocabulary 
increases significantly.  
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1. Introduction 
Information and Communications Technology (ICT), after its tremendous evolvement in the past years, plays an 
integral part of peoples’ everyday life. Of course, the respective number of systems, devices and applications has 
increased as well, facilitating people in performing certain activities through their device (make check-ins for their 
flights, pay the bills and make bank transfers, or book tickets for the upcoming concert). To follow this evolution, 
the applications now focus not only on the delivery of each application, but also on adaptability, so as to meet users’ 
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needs.  
The web-based learning systems are considered one of the many services developed for such application. 
Through this system the user may learn in the convenience of his/her own pace, time and device (laptop, tablet, etc). 
An instance of such a system may be web-based language learning system. Using this system a student may learn a 
foreign language, or deepen his/her knowledge of a language he/she already knows. Of course, learning a language 
is not an easy task and it consists of many parameters, i.e. grammar, syntax and vocabulary.     
In this paper we present cognitive mechanisms (applied and validated at various levels of the protocol stack) for 
supporting smart applications and services towards users. More specifically, we use the example of linguistics, and 
more specifically a cognitive web-based vocabulary learning system, to test if and how a web-based vocabulary 
teaching system may indeed improve the learning process. More specifically, we are focusing on detecting the 
student’s performance after taking a personalised course and set of exercises/ activities. The learning styles (visual, 
auditory types) and the vocabulary level (beginner, intermediate, advanced) of each student has been taken into 
consideration, so as to form the most appropriate learning environment, which will facilitate the learning process 
and will adapt to each student’s personal learning preferences. Furthermore, in this process the appropriate feedback 
was also formed, so as to fit student’s personal needs and provide incentives and encouragement in the learning 
process. Finally, the technical background of each student was also considered, so as to avoid focusing on browsing 
and try to get accustomed to the interface and being distracted from the content of the learning system. To this end, 
this paper is structured as follows; section 2 discusses the state-of-the-art on linguistics, section 3 presents the 
approach followed for developing the pilot test, while section 4 showcases the results of the pilot test. Finally, 
section 5 concludes the paper, also presenting the future steps of this work.  
 
2. State of the Art 
E-learning systems comprise an entire field of research and development, being constantly studied and evolved 
in the last at least twenty years. Literature shows many examples of such environments, being discussed and 
analysed in Alomyan, (2004); Brusilovsky, (2001); Dagger et al., (2003); Dolog et al. (2004); Hsu et al., (2008); 
Juvina & Oostendorp (2004); Ong, S. S., & Hawryszkiewycz, I. (2003). Moreover, recent research findings have 
paved the way towards new models and new learning theories that are associated with multimedia, in conjunction 
with the consideration of various factors in learning, with the goal to result in a deeper understanding of the way 
multimedia influence learning. For instance, Tan & Pearce (2012) confirmed that the use of multimedia, and more 
specifically of video, in education can be an effective way of engaging students and supporting their understanding. 
Meekyeong et al. (2012) progress even more this perspective and introduce the Multimedia Presentation Authoring 
System (MPAS). This system produces multimedia e-learning contents for mobile environment, making it possible 
to create multimedia presentations that integrate diverse media types including images, video, sound, and texts for 
mobile devices.  
Furthermore, as also mentioned previously, a vocabulary e-learning system may be viewed as an instance, or as a 
“version” of e-learning systems. Many researchers have been engaged this type of systems. More specifically, 
research has been done in integrating vocabulary learning systems in a physical classroom; Constantinescu (2007) 
focuses on the way that technology can be embraced in the regular classroom, integrating multimedia in the learning 
procedure, while Bekleven and Yilmaz (2011) use a certain program, namely JING™ in classes to teach new 
vocabulary in an enjoyable and innovative way, and more specifically the use of a vocabulary test in order to 
measure the students’ knowledge of the target vocabulary, both before and after a teaching period. In another 
approach, the one of Chen & Hsu (2008), the aim is to provide an effective and flexible learning environment for 
English learning. The ability of the mobile learning to present a personalized intelligent mobile learning system is 
adopted, so as to appropriately recommend English news articles to learners based on the learners’ reading abilities 
evaluated. A system using the Fuzzy Theory and the Memory Cycle Theory to help a learner to memorize 
vocabularies easily is introduced in the work by Wang et al. (2008). In this work fuzzy inferences and personal 
memory cycles are used, so as to retrieve an article that best suits a learner. After reading an article, a quiz is 
provided for the learner to improve his/her memory of the vocabulary in the article.  
In another approach, Huang et al. (2012) present a ubiquitous English vocabulary learning (UEVL) system to 
assist students in experiencing a systematic vocabulary learning process, in which ubiquitous technology is used to 
develop the system, and video clips are used as the material. What’s mostly important is that user preferences, 
system requirements and content characteristics are taken into consideration in the context of this work. The study of 
Wang (2011) proposes an Adaptive Learning in Teaching English as a Second Language for e-learning system that 
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considers various student characteristics (learning performance) using a data mining technique, an artificial neural 
network (ANN), as the core of the e-learning system. In this study, three different levels of teaching content for 
vocabulary, grammar, and reading were set for adaptive learning in this e-learning system. Finally, an adaptive 
mobile learning model for learning new languages based on ability of learner is presented in (Jahankhani et al., 
2011). This system uses an ontology-based knowledge modelling technique to classify language learning materials 
and describe user profile in order to provide adaptive learning environment. 
As may be observed by studying the State of the Art, linguistics and more specifically vocabulary has not been 
studied extensively and from the user’s perspective. In the following pages we are presenting the vocabulary 
learning system studied and applied, as well as the results of the pilot-test.   
 
3. System Description 
The architecture of such a system has to be based on simplicity, in order to be adaptive to the requirements of each 
of the focus areas chosen, as also mentioned previously. Therefore, the components that the system is comprised of 
have to be set in a way to store distinct information from each other, but also be able to interact with each other at 
any time to provide the requested information. In this way, the best learning experience is offered to the user, based 
on knowledge collected from each component of the system, even if the user requirements change in an unexpected 
way. More specifically, the proposed architecture is comprised by the following components; User Profile; Content 
Provider; System Interface; and User Monitoring/ Detection Mechanism. Figure 1 represents graphically the 
components of the system and the information exchanged between them. The functionality and role of each 
component of the system architecture is described in detail in (Kritikou, 2012). 
 
Figure 1: System components and their functionality 
4. The pilot test 
4.1 General data 
Τhe learning system evolved was pilot tested in a randomly chosen sample of fifteen (15) students, of fourth and 
fifth grade (sixteen and seventeen years old, respectively) of a Greek High school in the city of Chalkida, in Greece. 
The students (foreign or repatriated) have learned Greek as a second or foreign language. Through the web-based 
vocabulary learning system the students filled in questionnaires, so as to identify their demographic data, their 
internet access ability in school and outside it, their knowledge regarding using technologies and their learning style.  
More analytically, the students filled-in:  
• The evaluation test that aims at verifying students personal preferences of studying and learning (learning style). 
In the introduction of this questionnaire the personal data of each student are recorded (date of birth, gender, 
country of origin and parents’ educational level). Furthermore, the student’s familiarisation with the Internet and 
its applications and services, as well are their ability to access the Internet (from home or school) are recorded.  
• The evaluation test after having taken a specific set of activities and tests, which aims at evaluating the 
vocabulary activities taken in the context of the learning environment.  
The developed vocabulary exercises and activities were designed so as to adapt to the specific learning style of 
the student, as well as to his/ her vocabulary level. Soon after the completion of the initial questionnaires for 
1342   Yiouli Kritikou et al. /  Procedia - Social and Behavioral Sciences  141 ( 2014 )  1339 – 1345 
detecting students’ unique characteristics, as previously mentioned, the students started their navigation in the 
system. Initially they were given exercises that fitted their current level of knowledge, while in the next step of the 
process, the students advanced in higher vocabulary levels. Furthermore, the vocabulary exercises and activities 
were categorised in nine different sets, as part of two axes; the first consists of the vocabulary form, the vocabulary 
meaning and the vocabulary use, while the second axis consists of the relationship the first axis has as part of the 
context (independent of the context, partly dependent on the context and fully dependent on the context).  
4.2 Technical data on the pilot test 
As a first step of the process the students’ groups were selected taking into consideration the level of knowledge 
of the language and the learning style. In the sequence, vocabulary exercises and activities have been evolved, most 
of them being designed in the context of a linguistic environment appropriate for achieving the aims of the 
vocabulary process.  It has to be noted that these exercises and activities and in general the learning material were 
developed so as to be able to adapt to the knowledge level and learning style of the students’ groups. At the same 
time, the learning material has been divided in sections and levels, in order to cover the entire vocabulary field, 
including skills and needs required for each level of knowledge (simple, intermediate and advanced exercises and 
activities). This gradation of learning material provided the students with the opportunity to begin from activities of 
their own personal level of knowledge and learning style and at the same time to progress in the e-learning 
environment according to their learning style and pace.  
During the process of the learning experience, the performance of the students has been recorded, both in their 
initial entrance in the learning system, and in the final evaluation process. The two evaluation processes were 
exactly the same and their target was to record the progress of each student in an as accurate manner as possible. In 
between the two evaluation processes the students were given a series of vocabulary activities and exercises of 
different type (as will be presented in the following paragraph), in order to enrich their knowledge in using the 
language and also to cover potential weaknesses.  
The independent of the context exercises/ activities present vocabulary without referring to contextual data. The 
partly dependent on the context exercises present words in combination with other contextual words, i.e. using 
examples, but without exploiting the linguistic environment. This type of activities contributes to the initial 
organisation of the words, so as to enable the student to progress in learning and creatively using words. The fully 
dependent on the context activities exploit both the linguistic and non-linguistic context in order to present the 
communicative functionalities of a language. In other words, in these activities the vocabulary taught is included in 
the oral or written language, so as to trigger the student to infer the meaning of the vocabulary in a more high level 
way (i.e. in metaphors or in different cases).  
In this pilot test all the above mentioned exercises/ activities were used. Emphasis was put on in the activities fully 
dependent on the context, so as to more realistically infer the ability of the students to use the learnt vocabulary in 
the context of real-life communication. Finally, it has to be underlined that the learning process was enhanced with 
audio and visual activities, text and videos. 
 
5. Results of the pilot test 
In this section the results of the fully dependent on the environment activities are presented. The statistical 
analysis was realized in the importance level α=5%, using the program SPSS. As may be observed in Table 1, 
notable improvement of the performance of the students has been recorded. More specifically, the percentage of the 
final performance in the exercises on the language level of knowledge was 82,2% (being 40,0% in the initial phase, 
p<0,01), in the exercises on the meaning the percentage was 78,9% (being 33,3% in the initial phase, p<0,01) and in 
the exercises on the use, the percentage was 22,2% (being 31,1% in the initial phase, p<0,01), as also depicted in 
Figure 2(a). 
 
Table 1: Fully dependent on the environment activities percent of success 
  
Mean 
performance % 
Mean standard 
error 
Form of 
L
Initial 
h
40.0 2.2 
(p<0,01)  Final phase 82.2 1.1 
Meaning of 
language
Initial 
phase
33.3 3.3 
1343 Yiouli Kritikou et al. /  Procedia - Social and Behavioral Sciences  141 ( 2014 )  1339 – 1345 
(p<0,01)  Final phase 78.9 3.8 
Use of language Initial 
phase
31.1 3.6 
(p<0,01)  Final phase 82.2 4.7 
Total Initial 
phase
34.8 2.5 
(p<0,01)  Final phase 81.1 2.8 
 
Table 2: Fully dependent on the environment activities percent of success (with respect to the language level of 
knowledge) 
Advanced level Mean performance % 
Mean standard 
error 
Form of Initial 50.0 .0 
(p=0,01)  Final 
h
83.3 .0 
Meaning of 
l
Initial 
h
38.9 5.6 
(p=0,03)  Final 94.4 3.5 
Use of language Initial 
h
44.4 3.5 
(p=0,02)  Final 100.0 .0 
Total Initial 44.4 2.5 
(p=0,03)  Final 92.6 1.2 
Intermediate level Mean performance % 
Mean standard 
error 
Form of Initial 33.3 .0 
(p<0,01)  Final 81.5 1.9 
Meaning of 
l
Initial 
h
29.6 3.7 
(p<0,01)  Final 68.5 1.9 
Use of language Initial 
h
22.2 2.8 
(p=0,03)  Final 70.4 4.6 
Total Initial 
h
28.4 1.4 
(p<0,01)  Final 73.5 1.8 
In total, the final performance of the students was significantly improved (final performance: 81,1%, while the 
initial performance was 34,8%) in the fully dependent on the environment activities, as shown in Table 2 and Figure 
2(b) in both advanced and intermediate students. More specifically, the final performance of the advanced students 
was 92,6% (initial performance 44,4%, p=0,03). Respectively, the final performance of intermediate students was 
73,5% (initial performance 28,4%, p<0,01). Finally, the improvement was significant in all exercises and activities; 
indicatively, the most important are the exercises of the language use (performance of advanced students was 
improved by 56 percentage units), while the intermediate students’ performance was improved by 48 percentage 
units, in doing exercises on use and form of the language (as shown in Table 2). 
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(a) (b) 
Figure 2: Fully dependent on the environment activities (a) performance percentages (b) performance percentages in 
total 
 
6. Conclusions and future steps 
In this paper we presented the outcomes concerning learning Greek vocabulary as a second/foreign language 
through the use of an e-learning system. The research was performed in a Greek city high-school. The pilot-test 
results showed that the performance of the students of all knowledge levels and learning styles was significantly 
improved, when using this particular vocabulary learning system. As a next step, the authors are currently working 
in elaborating their work, so as to be able to include a larger amount of students and different types of exercises.  
 
Acknowledgements 
This study was performed in the framework of the ACROPOLIS (Advanced coexistence technologies for Radio 
Optimisation in Licenced and Unlicensed Spectrum -Network of Excellence) project (http://www.ict-acropolis.eu). 
This article reflects only the authors’ views and the Community is not liable for any use that may be made of the 
information contained therein.  
 
References 
Alomyan, H. (2004). Individual differences: implications for web-based learning design. International Education 
Journal, 4(4), 188-196. 
Bekleyen, N., & Yilmaz A., (2011).  The Impact of Computer-Assisted Language Learning on Vocabulary 
Teaching: JING™ and Instant Messaging. Paper presented at the 5th International Computer & Instructional 
Technologies Symposium, Elazig, Turkey. 
Brusilovsky, P. (2001). Adaptive hypermedia. In Alfred Kobsa (Ed), User modeling and user-adapted interaction 
(pp. 87-110). Netherlands: Kluwer Academic Publishers. 
Constantinescu, A. I. (2007) Using Technology to Assist in Vocabulary Acquisition and Reading Comprehension, 
The Internet TESL Journal, 8(2) 
Chen, C.-M., & Hsu, S.-H. (2008). Personalized Intelligent Mobile Learning System for Supporting Effective 
English Learning, Educational Technology & Society, 11(3), 153-180 
Dagger, D., Conlan, O., & Wade, V. (2003). Towards anytime, anywhere learning: The role and realization of 
dynamic terminal personalization in adaptive eLearning. In D. Lassner & C. McNaught (Eds.) Proc. of World 
Conference on Educational Multimedia, Hypermedia and Telecommunications (pp. 32-35). Chesapeake, VA: 
AACE. 
Dolog, P., Henze, N., Nejdl, W., & Sintek, M. (2004). Personalization in distributed e-learning environments. Paper 
presented at the Thirteenth international World Wide Web conference. New York. 
Hsu, M. H., (2008). A personalized English learning recommender system for ESL students. Expert Systems with 
Applications, 34(1), 683-688. 
Huang, Y.M., Huang, Y. M., Huang, S. H. & Lin, Y. T. (2012). A ubiquitous English vocabulary learning system: 
Evidence of active/passive attitudes vs. usefulness/ease-of-use. Computers & Education Journal, 58, 273–282. 
Jahankhani, H., Yarandi, M., & Tawil, A.R.. (2011). An adaptive mobile learning system for learning a new 
1345 Yiouli Kritikou et al. /  Procedia - Social and Behavioral Sciences  141 ( 2014 )  1339 – 1345 
language based on learner’s abilities. Paper presented at the Advances in Computing and Technology 
Conference, University of East London 
Juvina, I., & Oostendorp, H. V. (2004). Individual differences and behavioral metrics involved in modeling web 
navigation. In C. Stary and C. Stephanidis (Eds.), User-Centered Interaction Paradigms for Universal Access in 
the Information Society (pp. 258-269). Berlin/ Heidelberg: Springer. 
Kritikou, Y., Paradia, M., & Demestichas, P. (2013). Cognitive Techniques for the Development of Services in 
Broadband Networks: The Case of Vocabulary Learning Management Systems. In T. Lagkas, P. Sarigiannidis, 
M. Louta, & P. Chatzimisios (Eds.), Evolution of Cognitive Networks and Self-Adaptive Communication Systems 
(pp. 336-360). Hershey, PA: Information Science Reference. doi:10.4018/978-1-4666-4189-1.ch014 
Meekyeong, K., Hong, C., Kwon, D., & Hong, S., (2012). Multimedia Presentation Authoring System for E-learning 
Contents in Mobile Environment. Journal of Applied Mathematics & Information Sciences, 6 (2), 705-711 
Ong, S. S., & Hawryszkiewycz, I. (2003). Towards personalised and collaborative learning management systems. 
Paper presented at the Third IEEE International Conference on Advanced Learning Technologies. Athens: 
IEEE. 
Tan, E., & Pearce, N. (2012) Open education videos in the classroom: exploring the opportunities and barriers to the 
use of YouTube in teaching introductory sociology. Research in Learning Technology, North America. 
Wang, T., Chiu, T. K., Huang, L. J., Fu, R. X. & Hsieh, T.-C., (2009). An English Vocabulary Learning System 
Based on Fuzzy Theory and Memory Cycle. M. Spaniol et al. (Eds.): Advances in Web Based Learning – ICWL 
2009 (pp. 420–423), Springer Berlin / Heidelberg 
Wang, Y. H., & Liao, H. C. (2011). Data mining for adaptive learning in a TESL-based e-learning system. Journal 
of Expert Systems with Applications, 38, 6480-6485 
 
